Objective: Cognitive and emotional factors are known to influence peoples' pain experiences in many conditions, including low back pain. However, in complex regional pain syndrome (CRPS), their role is unclear. This study aimed to assess the relationships between psychological factors, pain, and disability in CRPS, compared with low back pain. This could help to identify target variables for psychological treatment.
A large body of literature has demonstrated that psychological and social factors influence people's experience of pain in a variety of contexts, including experimental, acute, procedural, and chronic pain. 1 The range of psychological factors that influence pain includes mood, cognitions and expectations, behavioral patterns, attention states, and learning history. Although such psychological factors have been demonstrated to influence pain and disability in a range of chronic pain conditions, there have been relatively few studies demonstrating a significant influence of psychological factors in complex regional pain syndrome (CRPS). In fact, a recent systematic review identified no relationship between a number of psychological factors and CRPS type 1, except for a possible association of CRPS type 1 with more life events. 2 Another recent literature review found that there was no evidence that personality or psychopathology play a causal role in CRPS; however, it did find that CRPS leads to a sequelae of negative psychological and social consequences. 3 Prospective studies that have measured psychological factors among a cohort of fracture, surgery, or stroke patients then assessed patients at a later date for CRPS have reported few psychological risk factors for CRPS development. [4] [5] [6] [7] There are no published randomized controlled trials of psychological treatments for CRPS, although smaller trials have provided some evidence of the efficacy of exposure-based therapies aimed at reducing patients' fear of movement or reinjury. 8, 9 Despite this lack of research, patients with longstanding CRPS are often treated in interdisciplinary pain clinics where psychological therapies are recommended and provided. The 2012 Royal College of Physicians' guidelines recommends that psychological intervention is one of the 4 main arms of treatment for CRPS. 10 Psychologists providing this treatment likely generalize from the research on other chronic pain conditions to identify appropriate target variables for treatment and set treatment goals and activities. One such condition is low back pain (LBP), where a large body of literature has established the importance of psychological factors in predicting pain intensity and heightened disability. 11 Systematic reviews have shown that psychological factors such as depression, fear of movement and reinjury (kinesiophobia), catastrophic thinking, and poor expectations predict the progression of LBP from an acute to a chronic timeframe. [12] [13] [14] Randomized controlled trials have demonstrated the efficacy of behavioral treatments for LBP, at least in the short term. 15 There are several possible reasons why previous research has not demonstrated a relationship between psychological factors and CRPS. It might be that no such relationship exists. In contrast, it might be that previous research has suffered from methodological shortcomings, or has not assessed the right relationships. This may in fact be the case, as much of the previous research on psychological factors in CRPS has been based on a dualistic model of health and has sought to find psychological causes for CRPS (as mentioned above), or has focussed on identifying psychopathology or personality disorders among these patients over and above what would be expected of a sample of people in pain. 16, 17 This may be because traditionally CRPS was stigmatized as "psychogenic." [18] [19] [20] Research from other fields of pain has adopted a biopsychosocial model and suggests that psychological factors are not usually a singular cause of pain, but that unhelpful psychological and physical factors interact to produce heightened pain and disability. In line with this, the small number of studies that have aimed to identify more subtle influences of psychological factors on pain and disability in CRPS have shown some interactions between mood and pain levels, 21 anger-expressiveness and pain severity, 22 and fear of movement and disability. 23, 24 A prospective study reported that early increases in depression after knee replacement were associated with CRPS severity at 12 months, suggesting that psychological factors may interact with pain over time, leading to poorer outcome. 25 Bruehl et al 26 compared CRPS patients with non-CRPS limb pain and LBP patients and found that while there were few differences between the groups on measures of distress, there were stronger relationships between distress and pain severity for the CRPS and limb pain groups than the LBP group.
The aim for the present study was to further assess associations between distress and pain in CRPS, and to compare the strength of any associations with a sample of patients with LBP. We aimed to further extend the findings of Bruehl et al 26 by also looking at the role of fear of movement as a predictor variable and to look at disability and pain severity as outcome variables. LBP was chosen because in this group previous research demonstrates the importance of psychological factors, and therefore we hypothesized that if there were similarities between CRPS and LBP groups these would be meaningful.
MATERIALS AND METHODS

Participants
The participants were 88 consecutive CRPS patients and 88 LBP patients seen at The Auckland Regional Pain Service (Interdisciplinary Pain Center) between January 2009 and December 2011. The samples were matched for age, sex, and pain duration and thus the LBP patients were not a consecutive sample. Patients experiencing both CRPS and LBP concurrently were excluded. The interdisciplinary pain center typically sees patients with chronic pain who are referred after multiple treatments and who have seen specialists from other disciplines, and thus both samples are likely to be those severely affected by pain who have been difficult to treat. Both CRPS type 1 and 2 were included in the CRPS sample. Patients in the LBP sample were included if their primary complaint was pain in the low back and/or leg and this included patients with nonspecific back pain and other causes of LBP.
Procedure
The study was a retrospective review and analysis of routinely administered psychological scales and medical records. The observational study was approved by the New Zealand Ministry of Health Northern X Ethics Committee. Patients were identified using previous clinic lists that code patients' pain problems according to pain location. The first author searched the initial assessment reports from all patients coded with upper or lower limb pain to determine whether the patient was diagnosed with CRPS during their medical assessment at the interdisciplinary pain center. CRPS is only diagnosed at the pain center after a comprehensive assessment and examination by pain specialist doctors, and patient records were checked to ensure that patients met the 1994 IASP criteria for CRPS. 27 The first author also searched the records of all patients coded with LBP to determine whether this diagnosis was confirmed during the patient's comprehensive assessment at the pain center.
The following data were extracted from electronic patient records: age, sex, ethnicity, pain duration, condition (CRPS or LBP), CRPS limb, and employment status (working or not working). The following scores were also extracted from questionnaires that patients are required to fill in before receiving an appointment, these questionnaires are scanned and stored electronically on the hospital computer system, and scores were extracted by the first author: 1. Pain Numerical Rating Scale: Patients were asked to rate their average pain intensity on a scale of 0 (no pain) to 10 (worst pain you can imagine). 2. Pain Disability Index (PDI) 28 : This 7-item scale asks participants to rate their level of disability on a range of life domains. Scores range from 0 (no disability) to 70 (maximum disability). 3. Hospital Anxiety and Depression Scale (HADS) 29 : This 14-item scale measures symptoms of depression and anxiety, producing 2 separate scores for the separate constructs. The scale is designed to limit the bias of physical health symptoms on depression and anxiety scores. The scale ranges from 0 (very low levels of depression or anxiety) to 21 (very high levels of depression or anxiety). In the original paper, cut-off scores of 8 and above were suggested to identify borderline or possible cases of depression or anxiety, and scores of 11 and above were suggested to identify probable clinical cases of depression and anxiety. 4. Tampa Scale for Kinesiophobia (TSK) 30 : This is a 17-item scale designed to measure kinesiophobia (fear of movement and/or (re)injury). Scores range from 17 (low kinesiophobia) to 68 (maximum kinesiophobia). Given that the data were collected as part of routine clinical care, there was some missing data that is reflected in the varying degrees of freedom reported for each of the statistical tests. There were more LBP patients with full data sets (80/88) compared with CRPS patients (65/88) because when selecting matched controls for the CRPS patients, efforts were made to select those without missing data.
Data Analysis
A power analysis was conducted using G-Power. 31 This was based on a 2-tailed, independent samples t test, and demonstrated that the study had 90% power to detect a moderate effect size (d = 0.5, a = 0.05), with 86 participants required in each group. Data were entered into SPSS for Windows. Not all variables displayed normal distributions. Thus, nonparametric tests were used, but these produced the same results as parametric tests, so parametric test results are presented here for ease of comprehension.
Independent samples t tests and w 2 tests were used to explore differences between the CRPS patients and LBP patients on demographic details and psychometric test scores. Pearson correlations were used to assess relationships between pain intensity, disability scores, and scores on psychological variables for each patient group. The strength of the correlations between psychological variables and disability scores were compared between the 2 diagnostic groups by computing Fisher z scores, with these compared statistically using z scores. This was done utilizing the calculator from Preacher. 32 Multiple regression analyses were used to determine unique predictors of the 2 dependent variables (pain and disability), and to assess whether the psychological predictors were equivalent for the 2 diagnostic groups. The psychological variables were entered into the regression analyses, along with diagnostic group (dummy coded), and interaction terms for each psychological variable ((psychological variable À mean of psychological variable) Â diagnostic group (dummy coded)), thus the interaction terms were mean-centered. For the multiple regression with pain as the dependent variable, the residuals were not normally distributed (negatively skewed), so a square root transformation was applied to pain scores. This was successful, resulting in normally distributed residuals, so the results from the transformed data are presented.
RESULTS
Demographics and Description of the Sample
The demographic characteristics of the 2 samples are described in Table 1 . Because the samples were matched, there were no differences between the groups on age, sex, or pain duration. Both samples had a fairly long pain duration of approximately 3½ years. The CRPS patients were significantly less likely to be working, w Of the CRPS sample, 66 (75%) had the upper limb affected and 22 (25%) had the lower limb affected. A total of 40 (45%) of the CRPS patients had the left side affected, 42 (48%) had the right side affected, and 6 (7%) had CRPS affecting both sides of the body. Of the CRPS patients, 75 had CRPS type 1 (85%), and 13 had CRPS type 2 (15%).
We classified the LBP patients into 3 diagnostic groups according to the guidelines of the American College of Physicians and American Pain Society. 33 A total of 72 (82%) had nonspecific LBP, 13 (15%) had radiculopathy or spinal stenosis, and 3 (3%) had other causes of LBP (eg, cauda equina syndrome or vertebral compression fracture).
The percentage of patients in each group who scored above the "cut-offs" for the HADS are presented in Table 1 . Over one third of each group scored over the cut-off for clinical cases of depression, and around half of each group scored above the threshold for clinical cases of anxiety disorders.
Differences Between Clinical Groups
There were no significant differences between the CRPS and LBP samples on any of the psychometric test scores, as shown by t tests for pain: t 170 = À 0.40, P = 0.69; disability: t 159 = 0.46, P = 0.65; depression: t 155 = 0.52, P = 0.60; anxiety: t 155 = À1.08, P = 0.28; and kinesiophobia: t 162 = À 1.10, P = 0.27. In fact, the groups scored very similarly. The results are presented in Table 1 .
Correlations Between Psychological Variables and Disability Scores
Correlations between pain, disability, depression, anxiety, and kinesiophobia for the 2 groups are presented in Table 2 . Of particular interest, we wanted to see whether disability was associated with psychological distress. In both the CRPS and LBP groups, all of the psychological variables significantly correlated with disability (at the P < 0.05 level), suggesting that those who were more depressed, anxious, and kinesiophobic were more disabled. When we used a Bonferroni correction for multiple comparisons (ie, setting the critical P-value at 0.005 for 10 correlations), all correlations remained significant except for the correlation between kinesiophobia and disability in the LBP group. The correlation between depression and disability was significantly greater in the CRPS group than the LBP group (z = 1.78, P = 0.038). There was no significant difference between the CRPS and LBP groups in terms of the relative strength of the correlation coefficients between disability and pain, disability and anxiety, and disability and kinesiophobia.
Multiple Regression Analysis: Predictors of Disability
A multiple regression analysis demonstrated that the linear combination of pain, the psychological variables, diagnostic group, and interaction terms was a significant predictor of disability, accounting for about 38% of the variance in disability scores (R 2 = 0.38, F 9,135 = 9.28, P < 0.001). The results are presented in Table 3 . Note that none of the demographic variables were significantly associated with disability, nor was pain duration, so these were not included in the analysis. The significant predictors that emerged were pain, depression, and the interaction between depression and diagnostic group. Those with greater pain intensity and who were more depressed were more disabled. Figure 1 demonstrates the interaction effect: the positive association between depression and disability was stronger in the CRPS group compared with the low back pain group.
Correlations Between Psychological Variables and Pain Scores
As shown in Table 2 , in the CRPS group there were significant correlations indicating that pain intensity was associated with greater disability, greater depression, greater anxiety, and greater kinesiophobia. In the LBP group, the only psychometric variables that significantly correlated with pain intensity (at the P < 0.05 level) were disability and kinesiophobia. After using a Bonferroni correction for multiple comparisons (ie, setting the critical P-value to 0.005 for 10 correlations), the correlations between psychological variables and pain remained significant in the CRPS group but in the LBP group the only correlation that remained significant was between disability and pain. The correlation coefficient was significantly greater for the CRPS group than the LBP group for the relationship between pain and anxiety (z = 1.94, P = 0.03). There was no statistically significant difference in the strength of the correlations for: pain and disability, pain and depression, and pain and kinesiophobia.
Multiple Regression Analysis: Predictors of Pain
A multiple regression analysis demonstrated that the linear combination of psychological variables, diagnostic group, and the interaction term was a significant predictor of pain intensity, accounting for about 16% of the variance in pain scores (R 2 = 0.16, F 7,142 = 3.80, P = 0.001). The results are presented in Table 3 . The significant predictors that emerged were kinesiophobia and the interaction between diagnostic group and anxiety. Those who were more kinesiophobic had higher pain scores. Figure 2 illustrates the interaction effect and shows that a positive relationship between anxiety and pain existed for the CRPS group but not for the LBP group.
DISCUSSION
The present study showed that matched patients with CRPS and LBP scored remarkably similarly on measures of pain, disability, and psychological distress. Although some significant associations between psychological factors, pain, and disability existed in the LBP group, these tended to be stronger in the CRPS group. The only significant differences between the groups were that CRPS patients were less likely to be working. These results support several previous studies that found there were few differences between CRPS and LBP patients on measures of distress, and the few differences that have been reported are not consistent between studies. 17, 26, 34, 35 The present study provides further support that CRPS is not associated with a distinct psychological profile or greater level of distress compared with other people experiencing chronic pain. Instead, it seems more likely that persistent pain leads to a pattern of psychological functioning that might be consistent between pain conditions, and this is likely a normal part of the human experience of chronic pain. We note that both groups' psychological test scores were similar to those reported from patient groups in other interdisciplinary pain centers and published in normative data sets. 36, 37 The present study also found that greater disability was associated with higher levels of anxiety, depression, and kinesiophobia in both groups. This was further tested in a multiple regression analysis to predict disability scores, which showed that there were main effects for pain and depression, and an interaction effect of depression and diagnostic group. This means that disability was associated with depression after controlling for pain intensity, and that the relationship between depression and disability was stronger in the CRPS group than in the LBP group. There has been very little previous research looking at factors that influence disability in CRPS. De Jong et al 24 found that perceived harmfulness of activities predicted functional limitations above and beyond pain severity in those with chronic CRPS (although not in acute CRPS). Our univariate results provide further support for the role of kinesiophobia in CRPS. Overall it seems that the fearavoidance model is promising in terms of understanding and treating disability in CRPS patients.
We also assessed the relationships between psychological factors and pain intensity. For the CRPS group, higher pain intensity was associated with greater depression, anxiety, and kinesiophobia. For the LBP group, the only psychological variable that was associated with pain intensity was kinesiophobia, although this relationship did not remain significant after controlling for multiple comparisons. The multivariate analyses showed that there was a main effect for kinesiophobia and an interaction between anxiety and diagnostic group. This indicates that kinesiophobia is associated with pain for both groups, and that anxiety is associated with pain intensity for CRPS patients, but not for LBP patients. We found that the psychological variables accounted for 16% of the variance in pain scores, which, if interpreted using Cohen effect sizes, would indicate a moderate effect size. The psychological variables, together with pain intensity, accounted for more than double the variance in disability scores (38%), which would equate to a strong effect size according to Cohen. Our findings were also somewhat consistent with previous research which has sought to determine factors that influence pain severity in CRPS. Bruehl et al 26 reported that depression and anxiety were correlated with pain severity in CRPS patients, and that these correlations were stronger than those that existed in LBP patients. The similarity of these results suggests this may be a fairly robust finding, and the present study goes further by also assessing the role of kinesiophobia. Feldman et al 21 used a daily diary study to show that although pain leads to an increase in depression, anxiety, and anger, depression and social support also influenced pain in CRPS. Moseley 23 found that catastrophic thinking about pain and kinesiophobia led to greater pain intensity and swelling in response to imagined movements in CRPS.
There are several mechanisms by which psychological factors might be more strongly associated with disability and pain in CRPS than in LBP. It is possible that sympathetic nervous system activity could mediate this relationship. Research has shown that sympathetic activity influences CRPS symptoms in at least a subset of patients, 38 and therefore any psychological distress that causes a sympathetic nervous system response could influence CRPS symptoms. Another possibility is that psychological factors might have a closer relationship with CRPS compared with LBP due to the range of symptoms experienced by CRPS patients, including swelling, color and temperature changes, and sensory symptoms. These symptoms may be distressing for patients, and could reinforce fears of serious pathology, leading to poorer mood and a closer pairing of pain and distress. Rommel et al 39 reported that CRPS patients with allodynia were more distressed than those without allodynia, and it might be that the sensory abnormalities associated with CRPS also lead to a cycle of distress and avoidance, which could in turn reinforce pain and disability.
We note that our results are inconsistent with the previous prospective studies that have been conducted in CRPS, that have measured psychological factors either before surgery or at the time of a fracture, and found few psychological differences between those who subsequently develop CRPS and those who do not. 4, 6, 7 This suggests that psychological factors might not be particularly important in the initial development of CRPS, and it might be that physiological factors such as neurogenic inflammation 40 or sympathetic nervous system function 41 play a more important role at the early stage. Interestingly, a prospective study found that although preoperative psychological factors did not predict the development of CRPS, early postoperative increases in distress levels predicted later CRPS severity. 25 More research is needed to assess the importance of psychological factors at different time points in the course of CRPS.
There are several clinical implications of the present study. At present, psychologists treating CRPS patients have a limited body of research available on which to base treatment decisions about which psychological variables to target. The present study suggests that psychological treatments aimed at reducing depression, anxiety, and kinesiophobia are worth trialling in CRPS. Our data suggest that it would be worth investigating whether psychological treatments that target depression lead to improvements in disability, and whether treatments that target anxiety lead to improvements in pain. There is already some evidence from multiple single-case design studies showing the efficacy of treatments aimed at kinesiophobia, 8, 9 and these data suggest that targeting depression and anxiety in addition may be worthwhile.
The main limitation of the study is that the data were collected at a single time and the direction of relationships is unclear. It is not only possible but quite likely that while psychological factors might influence pain and disability, that higher pain intensity and greater disability lead to poorer psychological wellbeing. It is also possible that a third (unknown) variable accounts for the relationship. Prospective studies are needed to better understand these relationships. The data are also limited by self-report bias. Another limitation is that there was some missing data, more so in the CRPS than in the LBP group. Systematically missing data or selective attrition are a potential source of bias for this study, as it is possible that the difference between groups was due to the difference between those who complete questionnaires compared with those who do not. However, to investigate this, we reran the analyses utilizing only the 60 CRPS and low back pain matched pairs with complete data sets, and our results were virtually identical to those presented here. One strength of the study was that the samples were matched for age, sex, and pain duration, and this removes some possible sources of variation in measures of pain, disability, and psychological wellbeing.
In conclusion, we found that there were remarkable similarities between CRPS patients and age-matched, sexmatched, and pain duration-matched LBP patients on measures of pain, disability, depression, anxiety, and kinesiophobia. In addition, we found that both pain and depression were associated with disability, and the association between depression and disability was stronger for the CRPS group than the LBP group. We found that kinesiophobia was associated with greater pain intensity, and that anxiety was associated with pain intensity in the CRPS group but not in the LBP group. Although previous research has demonstrated a limited role for psychological factors in causing CRPS, our results support the hypothesis that in chronic CRPS, psychological factors might play a role in maintaining pain and disability in the same way they influence other types of acute, experimental, and chronic pain.
